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®* 5G scenarios

®* 5G usage scenarios for 2020 and beyond

ASSISTAN PROF. DR. LWAA FAISAL 10/5/2024




N/

** will require an increasing number of innovative solutions
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1G

2G

2.5G

3G

Beyond
3G

4G

Analog voice Digital voice Voice + data Multimedia Broadband Ubiquitous
Services multimedia networks
- - )

GSM GPRS B
NMT PDX HSCSD WCDMA L'l\lT%‘-ITI-' IMT-A
AMPS IS-95A EDGE CDMA 2000 C DM:\ 5000

IS-136 IS-95B ) Pl

IxE\
Heterogeneous

q . Digital modulation ‘Any time Br”‘“.lb‘"“.l ncl\.\'urkf
FN modulation any where’ multimedia Adaptive air

Analog switching

Cellular concept
Hard handover

Error control
Data compression
Soft handover

Voice + data
Higher rate
than 2G

multimedia
Packet based data
Dynamic RRM

High data rate
High QoS support
broadband

interface
CGuaranteed
QoS

High quality voice
57 9 - Real broadband

at wide-area
OFDMA
~100’s of Mbps

Increased capacity wide area

FOMA
very low rate

TDMA/CDMA
9.6-28.8kbps

TODMA/CDMA
57-115kbps

WCDMA /OFDMA
~10’s of Mbps

WCDMA
0.144~-2Mbps

1970s/1980s 1982/1992
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v/ After several brop ¢

JTDMA was agreed upon by several organizations because of common agreement.
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> Link Adap

* Capacity Improvement

> Multiantenna Transmission
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(ITU-R-M 2134)

® Peak data rats: 100 Mbps for high mobility and 1 Gbps for low mobility
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& -
*%* The cell spe
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Indoor 3 2.25
Microcell 2.6 1.80
Base coverage urban 2.2 1.4

High speed

These values were defined assu n iguration of downlink 4 X 2 and uplink 2 X 4
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15 bit/s/Hz
6.75 bit /s /Hz

These values were defined assuming antenna configuration of downlink 4 X 4 and uplink 2 X 4
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¢ ain Components OF 4G Systems

\J6QAM 64QAM 256QAM
(. OFDM )
\ i f

>

Increasing the number of sub-
\carriers: 1.25times  (IEEE 802.11) /

- N B
HARQ Link Adaptation
\_ - N .

MAC optimization
Packet Switching

Packet Scheduling

\

P

Radio Resource Allocation.

(

Turbo Encoder & Decoder

- -

\

(. MIMO

@—»%

Channel capacity becomes N
\_times for SISO

J

Carrier Aggregation

max S CC, max 100 MMz
f

1

'ﬁ
CCBW: 1.4, 3, 5, 10, 15, 20 MMz




\/Requiremenis of IMT-2020
v Traffic Prediction

\/Operaiing Scenarios
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Deployment

World Radiocommunication
Conferences (WRC)
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networking

* IMT-2020 and 5G are synchronous
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» Cc a traffic

®* Number of device: e expected to increase due to

OProliferation of Internet of Things (loT)
@
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> Safety
> Office

> Entertainment and other sectors
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sality of life.

" Drive ic control optimization,
emergency danc grid, e-health, efficient industrial

communications

® ® UAVs
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» Other public events that attract a lot of people
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* Furthe

>U|’rra-high Definitio gh Definition display,

» Mobile 3D projections, immersive video conferencing display
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» Latency requireme

>Cos’r, and other indices for suitable operation
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>1TU —R2370: L ‘ oact traffic growth

(Application global IMT traffic will grow 10-100X from 2020 to 2030)
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Drivers for future traffic increase
By 2017, > 1.4 billion

smart phones
Accelerated
Deployment
of new IMT
technologies

Growth of
M2M
applications

Enhanced
Screen
Resolution

FBB
Replacement
by MBB Drivers for
Traffic Increase

beyond 2020

ay .

Emerging services

Evolution in J\/‘
usage/ traffic
characteristics

alternative to wired broadband

Subscriber
behaviour

Shifting
demography:
Urbanisation
' trends

Traffic
asymmetry

DL (from 1/7 to 1/10)

users are increasingly adopting more services
that are required to be ubiquitously accessible.
@ REF: Rep. ITU-R M.2370-0

Cloud
Computing

Growth in ~ 2/3 of all mobile traffic
Audio/visua.

and media
streaming and
unicast media
consumption

4K UHDinfo-bearing surfaces
Proliferatio
of ambient
screens

Deployment
timescale

* ANNUAL GLOBAL DOWNLODING OF APPLICATIONS ~325 BILLION IN 2020
*  MOST APPLICATIONS ARE NOT USED MORE THAN ONCE AFTER
DOWNLOADING
* ADDITIONALIY, THE AMOUNT OF REGULAR UPDATES /UPGRADES
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020.
* By ptions.

®* The number of Ic f 2030. (In 2019, the number of

connected devices was only 7.74 iIIion).
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l. Most Popular Social Platforms

Total Active Users

3B

Jd

Facebook Youtube FB Messenger Instagram Linkedin TikTok Twitter Snapchat
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2020
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2021

Rep. ITU-R MNL2370-0

Estimation of global mobile subscriptions

2022 2023 2024 2025 2026

2027

2028

2029

2030
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Rep. ITU-R M.2370-0

Estimation of global mobile subscriptions with different categories

2020 2021 2022 2023 2024 2025 2026
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W Smartphone

M Tablet and other smart devices

2027 2028 2029
W Feature phone

2030
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l Estimation of global M2M subscriptions

120

100

80

60

40

20

o_q_-.

ASSISTAN PROF. DR. LWAA FAISAL

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

B M2M Subscriptions

10/5/2024




Estimations of global mobile traffic in 2020-2030 (M2M traffic included)

traffic/month
6000

5000

4000
3000

2000

1000

- £07 938
62 99 158 249 .
() —s——— P

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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Estimation of mobile traffic by different service types globally

traffic/month

6000
5000
4000
3000
2000
1000
0 A
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
M Non-Video M Video = M2M

o8]
w
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Estimations of global mobile traffic per subscriptions per month from 2020 to 2030
| (M2M not included) |

traffic/month

300.0

250.0

200.0

150.0

100.0

50.0

0.0

2020 2021 2022 2023 2024 2026 2027 2028 2029
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¥ .

Traffic Daily Profiles of the Five Major mobile Applications in NAR (2020)

—Computing

——Gaming

2

= Communicating

-—Storage

@
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o
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=
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\

Capabilities Envisaged for Current and Emerging Voice
and Data Applications

Connection
density (x/km?3)

Latency
(ms)

Coverage
Reliability

ASSISTAN PROF. DR. LWAA FAISAL

User
experienced
data rate (bit/s)

Terminal

battery life

Capacity density

Spectrum
efficiency

Mobility (km/hr)

Includes:

Indoor cells

Public safety
Moving platforms
Voice

Web page element

Data includes
Internet of Things
(except sensors)

Connection
density of indoor
cells is x/km=/floor
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&

apabilities Envisaged for Current and Emerging Multimedia

pplications

Connection
density (x/km?)

Latency
(ms)

Extremely high

Coverage
Reliability

ASSISTAN PROF. DR. LWAA FAISAL

User
experienced
data rate (bit/s)

L~

Terminal
battery life

Capacity density

Extremely high
gh

Spectrum
efficiency

Mobility (km/hr)

__ Assumes UHD

(ultra high definition)
High definition
Standard definition

Multimedia:
Sound and/or
video content that
is intended for
consumption in
real time when
delivered.

This excludes

highly interactive
multimedia such
as telepresence.
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\

O

Capabilities Envisaged for Emerging Internet of
Things Sensors and Actuator Applications

Connection
density (x/km?)

Latency
(ms)

Extremely high

Coverage
Reliability

ASSISTAN PROF. DR. LWAA FAISAL

Device

experienced Massive numbers of
data rate (bit/s) low cost sensors and

actuators

Capacity density Note: Other aspects
of Internet of Things

Extrermely high are included within
Data capabilities

Spectrum
efficiency

Mobility (kmshr)

Terminal
battery life
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4

qulllhes Envisaged for Emerging Mission Critical and
1 w Latency Applications

User/device
experienced Includes:

data rate’ (bit/s) Utility
i networks

Connection Capacity density Driverless cars

xtremely high

Spectrum
efficiency

Extremely high

Coverage Mobility (km/hr)
Reliability

Terminal
battery life
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ew Capabilities Envisaged for Future IMT for
eyond 2020

User
experienced
data rate’ (bit/s) May be needed for
some applications

Connection Capacity density Possibly at very
density (x/km?) high frequencies
Extremely high

Spectrum
efficiency

Extremely high
Mobility (kmv/hr)
Reliability

battery life
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100 rmicr o ssescond Phrysacal Layer Budeet

Very high bandwadth peor uses
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Madchine Type Comumunication

w Batter

Relaoed Synche onowus requirements
Low Complcxity
Veory Low PAFR
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56 Application
Scenanos

Voery Fggh Sooclral ETNHGaoncy Pt unee
Millimmotor Wave Tedhnology, Massive MIMO

=
4

Gigiabit Wirecless

Veory High rate &

Apphcation Layer in

the order of foew Gbps
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B/eSt experience /:\:_,.'»M‘ rea~tume anc

"~ follows you ™

e Great Service in\b ) ;" :
_Amazingly fast (€10 wd ) o / Ubiqmtous thmgs
: N Y X
N A , (( ))) communicating

~— bit-rate, e — Bind spots safety ——muany simple deﬁife‘s,"cover{ge

y— bility;- -— — e P

X dela Vi ki) N ibiti _—delay, reliability <\

0 y . large crowds 4 access:b:trty\\ > A RSC—Y- .frzdundancy) /
- _( (Coverage) \\_ 'w industrial applicoSagsT RS

- mobilit
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Virtual reality office

""ﬂ

. -.!
. | g end user experience
| B & ’ o ! . °

== _ o provided by high data rates
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Wind and
fire sansors

ASSISTAN PROF. DR. LWAA FAISAL 10/5/2024




(O
ASSISTAN PROF. DR. LWAA FAISAL

10/5/2024




ASSISFAN PROF. DR. LWAA FAISAL 10/5/2024




Very large
number of
connected
devices,

Transmitti
ng low
volume
non-delay-
sensitive
data.

Devices to
be low
cost, and
have long
battery life

Enhanced mobile broadband

Gigabytes m a second —[— a

Smart home/hulding

Voice

Smartcumy

Massive machine type

communications

ASSISTAN PROF. DR. LWAA FAISAL

Hotspot case: -i.e. area with high user density, very
Usage scenarios of IMT for 2020 and bevond iR e Wil TRV ERGETS EF B SR TN T S AT

r— 3D video, UHD screens

Work and play m the cloud
Augmented reality
Industry automaton

—  Mission critical applcation

I Self driving car

=

Ultra-reliable and low latency

communications

mobility , high user data

Ultra-reliable and low latency
communications -wireless
control of industrial
manufacturing

-production processes,
-remote medical surgery,
-distribution automation in a
smart grid,

10/5/2024




Enhanced mobile dal:;garl;te g Importance USGEZ’EE (ree::gnced
broadband

Spectrum
efficiency

Area traffic
capacity

Network
energy efficiency

Mobility

Massive machine
type communications
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User experienced =
Pea/kﬂdE}Tf__i rate data rate Achievable data rate that is available ubiquitously.
Total traffic (Gbit/s) (Mbit/s) ubiquitous” is related to the considered target coverage area and
throughput served per : is not intended to relate to an entire region or country.
geographic area (in per user/device

Mbit/s/m2). (in Gbit/s).

Avrea traffic
capacity ;’?ﬁefgﬁi Average data throughput per unit of spectrum resource

(Mbit/s/nt) 7, 3x and per cell3 (bit/s/Hz).

—_
-

[=]
5 —

- -

—
X

Maximum speed at which a defined
QoS and seamless transfer between
Network Mobility radio nodes and/or radio access

energy efficiency (km/h) technologies (multi-layer/-RAT)

100x _ 500

The contribution by the radio
network to the time from
when the source sends a

(devices/km ) (ms) packet to when the
ASSISTAN PROF. DR. LWAA FAISAL destination receives it (in ms).

Q Connection depsity Latency
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